neurosurgical focus
I
ntradural-extramedullary (ID-EM) spine tumors are rare, occurring in 5 to 10 per 100,000 people. 12, 25, 31 The most common ID-EM tumors include meningiomas, schwannomas, and neurofibromas. 32 Although ID-EM tumors are usually benign, they may be associated with progressive pain or neurological deficit. Cervical or thoracic tumors may present with neck or upper back pain, radicular symptoms, or myelopathy. Tumors of the lumbar region may present with low-back pain, leg pain, lowerextremity weakness, or bowel or bladder dysfunction. 32 Symptomatic patients with ID-EM tumors are treated successfully with resection of the lesion and decompression of associated neural structures. Traditional open surgical approaches use a lengthy midline incision, subperiosteal dissection of the paraspinal muscles, bilateral laminectomies, and intradural tumor resection. Previous series on open resection of ID-EM tumors have reported high rates of gross-total resection (GTR) with minimal long-term neurological deficit. 13, 23 In recent years, minimally invasive surgery (MIS) approaches have become increasingly popular for treatment of spinal pathology, due to the extensive soft-tissue dissection and disruption of midline structures associated with open surgical approaches. 28 For patients with degenerative pathology, MIS approaches have been associated with decreased operative blood loss, diminished narcotic use, shorter postoperative stay, and lower costs of hospitalization relative to open surgery. 4, 10, 34 Additionally, biomechanical studies have suggested that MIS approaches may result in less spinal destabilization than open procedures in patients with both degenerative and intradural pathology.
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There have been prior reports of MIS for ID-EM tumors; however, these have been limited to case reports or small series. 6, 9, 22, 26 Furthermore, to our knowledge, no previous study has directly compared MIS and open approaches for ID-EM lesions. The goal of this study was to compare perioperative outcomes in patients with ID-EM tumors treated by MIS versus open resection.
methods
We performed a retrospective review of prospectively collected data on 45 consecutive patients treated by MIS or open resection for ID-EM spine tumors over a 9-year period between April 2003 and October 2012 at two university practices. Approval from both institutional review boards was obtained prior to conducting the study. Demographic data were recorded, including age, sex, type of approach (MIS or open), location of the tumor, number of spinal levels involved, and the tumor pathology. Baseline patient characteristics were recorded and listed in Table 1 .
In both the MIS and open approaches, perioperative data were collected for the following: estimated blood loss (EBL); duration of surgery; necessity for spinal fusion; days of flat bed rest; perioperative complications; necessity for a lumbar drain as well as the number of days of CSF drainage; whether a revision surgery was performed (postoperative hematoma, CSF leak repair, tumor recurrence); disposition status at discharge (home vs inpatient rehabilitation); and length of hospital stay. Statistical analyses were conducted using bivariate analysis (Student ttest and chi-square test). A multivariate analysis was also performed to control for the location of the spine tumor as well as the number of spinal levels involved.
The open approach is achieved with a midline incision over the spinous processes, followed by subperiosteal dissection to expose the lamina laterally up to the facet joints. The bilateral lamina and ligaments are removed above and below the border of the tumor until the dura is completely exposed. The operating microscope is brought in for the dural incision, and the edges of the thecal sac are tacked up to the paraspinal muscles with 4-0 Nurolon sutures. The tumor is resected with standard microsurgical techniques and the dura is closed with a running 4-0 Nurolon suture. The fascia is closed with absorbable 0 Vicryl sutures and the subcutaneous layer is closed with 2-0 Vicryl, followed by staples to close the skin. The decision to include spinal instrumentation and fusion for possible spinal instability is made by each individual surgeon during surgery.
The MIS approach starts with an incision 1.5 cm lateral to the midline and localized over the center of the tumor, as confirmed by intraoperative fluoroscopy and preoperative MRI. The fascia is incised, followed by blunt dissection with a finger sweep and Metzenbaum scissors. The smallest muscle dilator tube is guided onto the lamina with the surgeon's finger. Sequential dilation is performed, with serial tubes being placed until the final expandable retractor (Quadrant, Medtronic) is secured and its location confirmed by fluoroscopy. The retractor is expanded in the rostral-caudal and medial-lateral directions until fluoroscopy shows that the retractor blades border the expected superior-inferior poles of the tumor. The remainder of the soft tissue is removed with electrocautery, and a curved high-speed drill is used to perform the ipsilateral laminectomies. The retractor tube is angled medially, and the base of the spinous processes and contralateral lamina are decompressed with the drill and Kerrison rongeurs. The dura is opened in the midline with a long-handled no. Table 2) .
The average hospital stay for the MIS cohort was 3.9 days, compared with 6.1 days for the open cohort (p < 0.01). No patients in the MIS group required perioperative blood transfusions, compared with 11.1% of those in the open group. A lumbar drain was placed in only 1 patient in the MIS group (3.7%) for 3 days for CSF diversion. In contrast, a lumbar drain was placed in 7 of the patients in the open group (38.9%) for a mean duration of 6 days (p < 0.01). Two patients in the MIS group had an improved American Spinal Injury Association (ASIA) score postoperatively. The remaining MIS patients had a preoperative ASIA E (normal) score. No worsening of the preoperative baseline score occurred in the MIS group. In contrast, 6 patients in the open group had an improved ASIA score whereas 2 patients in the open group had a negative change in their ASIA score (p = 0.05) ( Table 3) .
A total of 7 patients had a perioperative complication; 4 surgical and 3 medical. Four complications occurred in the open group (22.2%) compared with 3 complications in the MIS group (11.1%). The most common perioperative complication was CSF leak. Two patients (11.1%) in the open group required reoperation for CSF leak, compared with 1 patient (3.7%) in the MIS group. Indications for reoperation included debulking of residual tumor, evacuation of epidural hematoma, CSF leak repair, and hardware failure. There were no deaths in our series (Table 4) .
discussion
An ID-EM spine tumor is traditionally resected with a classic midline, open approach. Open approaches, however, typically involve multilevel disruption of the soft-tissue attachments and ligaments to the lamina and spinous processes, as well as wide bilateral laminectomies above and below the level of the tumor. 13, 23 The MIS approach to spinal pathology has recently gained increasing popularity due to reports of decreased operative blood loss, shorter hospital stay, and equivalent neurological outcomes relative to open surgery. 4, 10, 20, 27 Of note, however, these studies have primarily focused on patients with degenerative pathology.
In the present study, we compared perioperative outcomes in patients with ID-EM tumors undergoing either open or MIS resection. Of the 45 patients included in this study, 27 were treated by the described MIS approach, compared with 18 treated by the traditional open approach. Patient demographics were similar between both surgical groups, including age, sex distribution, and preoperative symptoms. Similarly, there was no significant difference in the perioperative data between the two groups for mean operative time, use of microscope for visualization, achievement of GTR, final pathological findings, or fusion rate. The 2 patients in the open group requiring spinal fusion had tumor extension into the foramen requiring complete ipsilateral facetectomy. Due to concern for potential spinal instability, the fusion was planned preoperatively by the surgeon. A GTR was achieved in the majority of patients except in cases in which intraoperative pathological investigation demonstrated metastatic cancer and the surgical plan was changed to palliative subtotal resection. Significant differences comparing the two groups were found in operative blood loss, postoperative CSF leak, lumbar drain placement and duration, change in ASIA score, and length of hospital stay.
Successful minimally invasive resection of intradural spinal cord tumors has been previously described. 20, 27, 33, 36 In 2006, Tredway et al. reported on 6 patients with ID-EM spinal cord tumors who underwent MIS through a small paramedian incision with use of a tubular retractor system. 33 In this small series, they reported excellent outcomes with a 100% rate of GTR and no perioperative complications. Their reported mean EBL was minimal, at 56 ml per case. In contrast, in a prior comparison of 14 In the present series, we found a significant decrease in EBL with an MIS approach (133.7 ml) relative to the open group (558.8 ml) (p < 0.01). As a result, no patients in the MIS group required perioperative blood transfusions, compared with 2 patients (11.1%) in the open group. This difference may be due to the unilateral, muscle-splitting approach used in MIS techniques that minimizes bleeding from soft-tissue dissection. The expandable tubular retractor serves not only to open the surgical field, but functions as a physical tamponade against soft-tissue bleeding during the operation. Similarly, the smaller incision afforded by an MIS tubular approach may lead to a decrease in soft-tissue dissection and operative blood loss.
Regardless of the surgical approach, complete resection of the ID-EM tumor is one of the primary surgical goals. Resection of an ID-EM tumor requires meticulous closure of the durotomy to minimize the risks of postoperative CSF leak symptoms. In most MIS cases, the tubular approach decreases the probability of a postoperative symptomatic CSF leak due to the limited soft-tissue exposure and apposition of the surgical layers. This minimizes the surgical cavity and tamponades against potential accumulation of a pseudomeningocele. In the literature, the CSF leak rate in ID-EM tumor resections ranges from 0%-5% in MIS cases to 0%-9% in open cases. 8, 13, 14, 18, 23, 33 In our study, the MIS group had a statistically significant decrease in the CSF leak rate of 3.7% compared with the open group leak rate of 16.7% (p = 0.03). A lumbar drain was placed in all of the patients with clinical evidence of postoperative symptomatic CSF leakage (postural headaches or extravasation of CSF beyond the skin). The mean lumbar drain duration was 3 days in the MIS group and 6 days in the open group. Despite the technical difficulty of suturing the thecal sac tight through a tubular retractor, the MIS group appeared to have a lower rate of postoperative symptomatic CSF leakage. The smaller surgical cavity or dead space decreases the risk of a CSF leak or the need for a lumbar drain. This appears to be an advantage of the MIS approach in resection of an ID-EM tumor.
Another reported benefit of MIS approaches is a decrease in hospital duration. Some hypothesize that the smaller incision length and decreased soft-tissue dissection result in lower postoperative pain. 4, 6, [8] [9] [10] 14, 20, 22, 33, 35 Improved pain control would minimize the sedating side effects associated with narcotics that may prolong the patient's recovery period. In addition, the increased rate of postoperative CSF leakage and lumbar drain placement in open cases increases the hospitalization time. In the present study, the MIS group had a significantly lower mean duration of hospital stay (3.9 days) relative to the open group (6.1 days) (p < 0.01). This is comparable to the reported hospitalization time found in the literature for both patients with MIS and those with open procedures undergoing ID-EM tumor resection (2.3-4.9 days vs 4.1-6.3 days). 8, 13, 14, 33, 36 Resecting an ID-EM spine tumor can potentially result in a worsening of neurological function. The ASIA scale was used to assess the patient's neurological examination pre-and postoperatively. The majority of the patients in both the MIS and open groups were ASIA E before and after surgery. The open group had 2 patients who developed postoperative weakness and 6 patients who improved after surgery. Of the patients with perioperative changes in their ASIA score, two-thirds had cervicothoracic ID-EM tumors. Compression of the spinal cord from ID-EM tumors carries higher risk of neurological injury compared with ID-EM tumors in the lumbar region, where nerve roots have greater tolerance to compression injury and surgical manipulation. Multiple authors have described modified paramedian approaches to minimize manipulation of the spinal cord and the potential risk of postoperative neurological deficit. The limitation in this paper is the retrospective comparison design, which may potentially allow for bias. We included consecutive patients with ID-EM tumors spanning 1 or 2 levels from the cervical, thoracic, and lumbar spine over a time period of 9 years. Nonetheless, the majority of the ID-EM tumors were located in the lumbar region for the MIS group (62.9%) and in the cervical region for the open group (50%). This may explain the differences in perioperative ASIA scores between the two groups. Although the open cervical group had a higher perioperative complication rate compared with the MIS group, this may be due to the larger subpopulation of patients who underwent open procedures. We performed a multivariate analysis to control for the difference in the number of spinal levels and location of ID-EM tumors between the MIS and open cohorts. We found no statistical difference in regard to the number of spinal levels between the two groups. However, when comparing the cervical ID-EM tumors to thoracolumbar ID-EM tumors, the odds ratio for perioperative complications was significantly higher in cervical lesions (OR 15, p = 0.05).
Although our data suggest that an MIS approach for thoracolumbar spine tumors is safe and similar in outcomes compared with an open approach, there are insufficient data to make a conclusion for cervical spine tumors treated with MIS. There also is the potential for selection bias, because one surgeon used only MIS techniques whereas the other surgeons performed only open approaches to ID-EM tumors. However, all the surgeons had more than 9 years of experience. This highlights an important limitation of this study as well as the current ID-EM tumor literature; namely the absence of randomization. Future prospective randomized studies would allow for a more direct comparison of open and MIS approaches to ID-EM lesions. Nonetheless, this study represents the largest reported series thus far comparing open and MIS resection of ID-EM tumors.
conclusions
Our findings suggest that ID-EM tumors may be safely and effectively treated via either the traditional open approach or an MIS approach. An MIS approach to thoracolumbar ID-EM spine tumors has similar perioperative complications and GTR rates compared with an open approach; however, there is insufficient evidence to recommend for or against an MIS approach to cervical spine tumors. It may be judicious to develop proficiency in thoracolumbar tumors with new surgical techniques prior to resecting cervical lesions. In this study, we found that patients in the MIS group had significantly lower EBL and a shorter postoperative hospital stay. Future studies of larger population groups with more evenly distributed pathologies, conducted in a randomized fashion, would be invaluable. 
